Objective The aims of this study were to evaluate the efficacy and safety of continuous morphine infusion for dyspnea in patients with acute exacerbation (AE) of end-stage interstitial pneumonia (IP). Methods We conducted a retrospective study. Based on the subjective clinical effectiveness ratings of "good," "moderate," "poor," or "unknown," the efficacy of continuous morphine infusion treatment was evaluated as defined as symptom relief that was "good" or "moderate." Patients This study included 22 consecutive opioid-naïve patients who received continuous morphine infusion in the palliative treatment of dyspnea resulting from AE-IP. Results Of 22 patients, nine achieved good dyspnea relief, eight had moderate relief, four had a poor response and one response was "unknown" within 24 hours of starting morphine infusion. Using an operational definition of dyspnea relief that was rated "good" or "moderate," the efficacy rate of morphine was 77% (n= 17). There was a significant change in the respiratory rate (25 respirations per minute at baseline vs. 17 respirations per minute after 12 hours, p=0.02), however, none of the patients studied had fewer than eight respirations per minute. Conclusion We conclude that continuous morphine infusion is an effective and safe therapy for severe dyspnea in terminal AE-IP patients without any serious adverse events.
Introduction
Acute exacerbation (AE) of interstitial pneumonia (IP) is characterized by the development of an acute lung injury, typically resulting in acute respiratory distress, in a patient with a preexisting fibrosing IP, including idiopathic pulmonary fibrosis (IPF) and other types of chronic IP, such as IP associated with collagen vascular disease (1) . Even in the absence of clear evidence of effectiveness, high-dose steroids are the usual primary treatment of AE-IP (1) . The prognosis of patients with AE is very poor, with an average Chart descriptions of patient expressions such as "I don't feel dyspnea anymore," or "dyspnea is relieved" or Physician or nursing records with observations such as "patient doesn't seem to feel dyspnea," and "dyspnea seems to have been relieved" Chart descriptions of patient expressions such as, "dyspnea is relieved, but I still feel it," and "I feel better than before" or Physician or nursing records with observations such as "dyspnea seems to have been relieved better than before," and "patient seems to be more calm than before" Chart descriptions of patient expressions such as "I still feel dyspnea," "dyspnea is not relieved" or Physician or nursing records with observations such as "patient still seems to feel dyspnea" and "dyspnea does not seem to have relieved"
Absence of description about change in symptom severity (COPD), has been reported in several studies (4) (5) (6) . A small prospective study by Allen et al. found that diamorphine was effective for dyspnea relief in terminal IPF patients (7) . However, there is a paucity of high-quality studies evaluating the role of opioids in the management of dyspnea in IP patients. Furthermore, because the lack of progressive respiratory failure was one of the inclusion criteria in these studies, it is unclear whether morphine is effective and safe for patients with progressive respiratory failure and a prognosis of a few days. Therefore, we retrospectively studied the treatment of terminal IP patients with AE and evaluated the efficacy and safety of continuous intravenous morphine infusion for these patients.
Materials and Methods
We studied consecutive patients who died of AE-IP from April 2006 through March 2013. A diagnosis of AE was made following the criteria of IPF in the 2011 consensus guideline for the diagnosis and treatment of IP in Japan (8) . We included both the confirmed cases of AE and the patients who might have both AE and infection, because the prognoses of those are substantially the same (9). We excluded patients with delirium (as diagnosed by the DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, fourth edition), as the evaluation of the symptoms would be unreliable.
We conducted a retrospective study based on a chart review. Background data obtained included medications or other treatments for dyspnea. Patient characteristics, other medications administered for dyspnea, the duration of treatment from the initial administration to death, and the initial and maximum doses of morphine were also obtained for those patients who were treated with continuous morphine infusion. We evaluated the efficacy of morphine in these patients. Additionally, we evaluated temporal changes in the vital signs, including the respiratory rate and blood pressure, in 11 patients who had chart descriptions of vital signs, these data were evaluated before starting continuous morphine infusion treatment and 12 hours afterward.
Although a numerical rating scale is typically used to measure the severity of dyspnea, it is often difficult to measure severe dyspnea in end-stage patients with progressive respiratory failure. This is because their symptoms are so severe and progress so rapidly that patients can barely speak or evaluate their own symptoms. Not surprisingly, the evidence base to guide treatment decisions in palliative care units is lacking. Acknowledging this gap, a previous study in terminally ill patients with cancer sought to clarify the comparative efficacy between midazolam and flunitrazepam for primary insomnia in terminally ill patients with cancer, a setting in which the severity of the patients' illness necessitated the use of an ad hoc symptom rating scale (10) . We similarly used an ad hoc scale in the present study due to the lack of a validated measurement tool for symptom evaluation in patients with severe dyspnea (Table 1 ) on the day of initial administration to measure the effectiveness of morphine infusion. We designed the evaluation methods to strictly follow the actual chart description to minimize bias due to a retrospective assessment. The effectiveness was rated as "good," "moderate," "poor," or "unknown." The efficacy rate was defined as the ratio of patients with "good" and "moderate" ratings compared with the total number of patients in the study.
Additionally evaluated were changes in the vital signs including: the respiratory rate, oxygen saturation, temporal changes in the systolic blood pressure from the initiation of continuous morphine infusion to 12 hours after starting continuous morphine infusion, and the presence or absence of adverse effects of morphine, including delirium, sedation, and respiratory or cardiac depression.
We used the Wilcoxon signed rank test to test for trends among continuous variables, including the vital signs. Twotailed p values were utilized and statistical significant was considered to exist at p<0.05. We used descriptive statistics to summarize the population's characteristics, breathlessness, and adverse events. All data were analyzed using the SPSS software program (for Windows, version 11.0, SPSS Inc., Chicago, USA).
A signed consent form for the administration of opioids was obtained from each patient and/or his family as per our routine management of patients with AE-IP. The study protocol was approved by the Institutional Review Board of Toranomon Hospital (No.824).
Results
A total of 44 patients died due to AE-IP during the study period. Excluding 10 patients incapable of communication (4 patients were intubated and 6 patients were somnolent due to carbon dioxide narcosis or other reasons), all patients complained of dyspnea at rest. Among those 34 patients, 25 opioid-naïve patients received continuous intravenous morphine infusion. Among those 25 patients, 3 patients who had delirium before starting morphine were excluded from further analysis. Fig. 1 summarizes the study flowchart. Table 2 summarizes the clinical features of 22 patients who received continuous morphine infusion and who did not have delirium before starting morphine. They included 17 men, 59 to 86 years of age (median age, 72 years). The median time from the initial diagnosis of IP was 2 years (range 0-14). The numbers of patients with IPF/UIP (usual interstitial pneumonia) and other types of IP were 13 and 9 patients, respectively. The number of patients who received oxygen supplement of >10 L per minute was 21.
The median respiratory rate and average systolic blood pressure and oxygen saturation, as measured by pulse oximetry at rest on supplemental oxygen, before starting morphine was 25 respirations per minute, 126 mmHg, and 89%, respectively. Patients tended to be tachypneic and severely hypoxic.
As per the standard management of AE, all patients had received high-dose steroid therapy (methylprednisolone 1 g, administered once daily for three days) for a median of three times (range 1-4), and seven had received noninvasive positive pressure ventilation for respiratory failure before starting morphine infusion. Fig. 2 shows the morphine infusion protocol. Morphine was started when both the physicians and nurses thought that dyspnea was not relieved by any other methods, including oxygen or sedative agents, and that the prognosis of the patient was only a few days. Morphine was dissolved in normal saline, usually 50 or 100 mL, and was started as continuous intravenous drip infusion. The median administration period of morphine infusion was two days (range 0-28). The median initial and maximum doses were 0.4 (range 0.2-0.8) mg per hour and 0.8 (range 0.2-2.9) mg per hour. The initial dose in many cases was 0.2-0.4 mg/h, equivalent to 5-10 mg/day, which was decided by the physician in accordance with the official statement of the American Thoracic Society (11) . Dose escalation by 0.2 mg/h was allowed after starting morphine if the symptom was not relieved, the physician thought that dose escalation could be effective, and that there were no signs of respiratory or cardiac depression. Five patients died within 24 hours. All causes of death were considered to be respiratory failure, because most of these patients had a severe respiratory failure status before starting morphine (patients were hypoxic, with oxygen saturation <85% before starting morphine).
We evaluated the efficacy of morphine in these 22 patients, none with delirium before starting morphine. Nine patients achieved good dyspnea relief, eight had moderate relief, and four had a poor response (one response was characterized as "unknown") within 24 hours after starting morphine infusion. The efficacy rate of morphine was 77%. As respiratory failure progressed, dyspnea worsened and 11 patients (50%) required sedation by continuous infusion of midazolam before death. In patients with severe respiratory failure and oxygen saturation <85% before starting morphine, the efficacy rate of morphine was 60%. Conversely, in patients with oxygen saturation ! 85% before starting morphine, the efficacy rate of morphine was 92% (Table 3) .
Safety was also evaluated. Among 17 patients who were alive at 24 hours after starting morphine, six patients were excluded from the safety evaluation due to the lack of data regarding their vital signs. Therefore, we analyzed 11 patients whose vital signs were obtained before, and 12 hours after, they starting receiving morphine (Table 4 ). There was a significant change in the respiratory rates; however, no patients had fewer than eight respirations per minute. There was no significant change in the systolic blood pressure. The major adverse event was sedation (19 of 22 patients; among those, two fell asleep within 24 hours).
Discussion
This study showed that continuous intravenous morphine infusion was effective in 77% of the patients studied in relieving severe dyspnea associated with the terminal stage of AE-IP, and continuous intravenous morphine infusion lowered the respiratory rates of the patients substantially without respiratory depression. Generally, respiratory physicians are reluctant to use opioids in patients with respiratory failure and tend to use them after dyspnea has become very severe; however, the result of this study suggests that earlier intervention with morphine for dyspnea might be effective and safe for these patients.
Opioids, including morphine and dihydrocodeine, are known to be effective to relieve dyspnea by one or more mechanisms, including decreasing the respiratory drive and altering the central perception and activity of peripheral opioid receptors located in the lung; clinically, opioids have been shown to decrease anxiety (12, 13) . To the best of our knowledge, no sufficient data are available on the use of other opioids, such as oxycodone and fentanyl. A recent Cochrane systematic review found no evidence that benzodiazepines relieved dyspnea in patients with COPD. Thus, morphine has been widely used to relieve dyspnea as a firstline drug, primarily for patients with cancer. Although palliative care medicine has predominately focused on the management of patients with cancer at the end of life, recent guidelines demand that palliative care embrace all patients with life-limiting disease, irrespective of the diagnosis (14) (15) (16) . Evidence increasingly supports the benefits of opioids in treating dyspnea in patients with non-malignant lung diseases such as COPD. Although IP has a high mortality and symptom burden, data on the efficacy and safety for IP patients are lacking. To the best of our knowledge, this is the first report to show that morphine is effective in an IP patient population in relieving dyspnea and substantially lowering the respiratory rates of the patients without respiratory depression. The major adverse event was sedation, although we consider that sedation has some effect in relieving dyspnea. All deaths were considered to be primarily the result of respiratory failure due to IP. Whether morphine therapy shortened the survival is uncertain, given that we could not conduct a prospective study to compare the prognosis within a placebo study. However, given that all patients who could communicate had severe and refractory dyspnea and that less risky treatments are not available in the situation, we believe that it is ethically justified to use opioids carefully, under close observation, to relieve suffering in these patients.
Our study was relatively small, because IP is a rare disease, the prevalence of IPF is reported to be 10.0 per 100,000 population (17) , and death from acute exacerbation is not a common event in a single center. Our study was a non-controlled, non-blinded, retrospective study in design for two reasons. First, ethically, we could not conduct a prospective, controlled, blinded study for the patients who died within a few days and who knew they were dying. Second, we could not find sufficient evidence to conduct a prospective study. The numerical rating scale, which is commonly used to measure dyspnea severity, was unavailable because the symptoms was too severe and patients could often barely speak; therefore, a potential limitation associated with this study could be the methodology. Nevertheless, there is an acknowledged paucity of published data, and the reason is that a prospective, controlled, blinded study is hard to conduct ethically, and quantitative measures are not reliable and nearly impossible in this severe setting. We believe that the observations reported in this paper contribute to a clearer understanding of the use of opioids in end-stage AE-IP, and larger, prospective studies are required for an expanded evidence base on which to base clinical decision-making for IP patients with dyspnea, including patients with not only AE or end-stage patients, but also chronic and subacute exacerbation and earlier stage patients in the future.
We conclude that continuous morphine infusion is an effective and safe therapy for severe dyspnea in patients with terminal stage AE-IP.
